The known nor-diterpene (16R)-ent-17-hydroxy-19-nor-kaur-4-en-3-one and the new norditerpene (16R)-ent-19-nor-kaur-4-en-3-oxo-17-oic acid were obtained as a crystalline mixture from roots of C. ghiesbregthiana. Their structures were deduced by spectroscopic means and confirmed by a X-ray diffraction study of the crystalline mixture. Additionally, ursolic and betulinic acids, skimmin, and sucrose were isolated. This is the first chemical study of a member of the Coutaportla genus.
Introduction
Until 1999 the genus Coutaportla (Rubiaceae) was constituted by three species C. ghiesbregthiana, C. pailensis and C. guatemalensis [1] . However, in 2003, C. guatemalensis was segregated into the new genus Lorancea as L. guatemalensis (Standl.) Borhidi [2] . Leaving C. ghiesbregthiana, and C. pailensis as the only two species in the Coutaportla genus. Both species are native to the new world, C. ghiesbregthiana is distributed from Northern Central America to Southern México [1] while C. pailensis grows in Coahuila, México [3] . Although several genera of Rubiaceae have been studied [4 -6] , to our knowledge no phytochemical study has been carried on Coutaportla.
As part of our ongoing systematic studies of Mexican plants [7] , we want to report the study of C. ghiesbregthiana.
A chromatographic separation of the EtOAc roots extract of C. ghiesbregthiana led to the isolation of a mixture constituted by a known diterpene (16R)-ent-17-hydroxy-19-nor-kaur-4-en-3-one (1) and the new diterpene (16R)-ent-19-nor-kaur-4-en-3-oxo-17-oic acid (2) . The structure of 2 was deduced by spectroscopic means. In order to resolve the mixture, a crystallization process was undertook, however it resulted in a co-crystal formed by 1 and 2, which was analyzed 0932-0776 / 05 / 0500-0548 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com by a X-ray diffraction study. We report in this paper the structural study of these diterpenes. In addition, ursolic (3) and betulinic (4) acids, skimmin (5) , and sucrose (6) were also isolated.
Results and Discussion
The leaves, stem bark and roots of C. ghiesbregthiana were studied separately, thus the hexane, EtOAc and methanol extracts of each limb were obtained. In the Experimental Section, the isolation of 1 -6 from different extracts is described. The identities of 1, 3 -6 were achieved by comparison of their physical and spectroscopic data with those previously reported [8 -12] .
In the IR spectrum of 1/2 mixture, ν OH absorption that starts at ca. 3500 cm −1 and extends to ca. 2300 cm −1 , was observed. However, there are several sub-maximal signals on this absorption, then the two bands at 3437 and 3391 cm −1 were assigned to the vibrations of the OH group of an alcohol moiety, while in the 3100 -2300 cm −1 region characteristic bands due to an acid moiety arise from overtones or combination modes of internal vibrations, which overlap the νOH broad band and Fermi resonance between the ν OH fundamental of hydrogen bonds and overtone of its deformation modes. In the carbonyl region, the very 16 ), a hydroxymethylene carbon at δ C = 67.33 and two methine carbons at δ C = 54.14 and δ C = 43.34. The structure 1 was deduced by the comparison of its 13 C NMR spectrum with those reported in the literature [12] as well as spectroscopic data of (16S)-ent-16,17-dihydroxy-19-nor-kaur-4-en-3-one [6] .
For compound 2, 19 signals in 13 C NMR spectrum were observed (Table 1) , two carbonyl at δ C = 198.84 (ketone) and δ C = 180.50 (acid), two olefinic carbons at δ C = 128.34 and δ C = 163.69, two methyl carbons at δ C = 20.06 and δ C = 11.04, eight methylene carbons (δ C = 43.45, 38.22, 37.16, 36.76, 33.30, 30.74, 26.97 Fig. 1 . Perspective view of the two independent molecules cocrystal of 1 and 2. Thermal ellipsoids are drawn at 30% probability levels. and 18.92) and three methine carbons at δ C = 53.85, δ C = 45.08 and δ C = 40.77 (Table 1 ). In the highresolution mass spectrum, the ion molecular peaks [M+] at m/z at 302.4059 (C 19 H 26 O 3 ) corresponding to 2 was observed.
Since separation of both 1 and 2 by standard chromatographic methods failed, in order to purify at least one component of the mixture, a crystallization process was carried out. Then adequate crystals suitable for X-ray analysis were obtained. Though onecompound crystal was expected, the structure of the crystal showed the presence of both 1 and 2.
The structure of a mixed crystal of 1 and 2 in an approximate 1 : 1 ratio was determined. The unit cell contains two independent crystallographic molecules, here and after, molecule None withstanding the observed statistically disorder, the average U eq calculated over all non-hydrogen atoms is 0.0559Å 2 (minimum: 0.0421 and maximum: 0.0785Å 2 ) revealing that the carbon framework of 1 and 2 are essentially identical.
All bond lengths in the structures are as expected. Selected values of the molecular geometry are reported in Table 4 . Differences between the corresponding bond lengths of A and B molecules are in average within the experimental errors (three times the e.s.d.'s).
Ring conformations are very similar in the two independent molecules. The ∆ 4,5 cyclohexene ring A, the cyclohexane ring B and the five-member ring D are close to the ideal sofa, chair and envelope conformations, respectively. The atomic displacements for cyclohexene rings are C1 = −0.323Å in Molecule A and C20 = 0.315Å in Molecule B while in the fivemember rings are C14(33) = −0.300Å, with respect to the best plane through the remaining ring atoms.
Cyclohexane ring C takes conformations intermediate between chair and half-chair forms. Deviations from the ideal C 2 (chair) and C S (half-chair) symmetries can be evaluated by the asymmetry parameters [13] 
For all these rings the puckering parameters [14] are shown in Table 5 .
Due to the insignificant degree of anomalous scattering, the chirality of the structures were assigned from the known configuration at C-16, the relative stereochemistry of the structures referred to this center and shown in Fig. 1 is 8S, 9S, 10S, 13R and 16R.
The crystal packing of 1/2 is shown in Fig. 2 . Molecules A and B are interconnected in a head to tail fashion by hydrogen bonds between hydroxyl (from the carbinol or the acid moieties) groups and the ketone carbonyl O-1 and O-4 oxygen atoms (Table 6) , forming infinite rows along the [2 2 −1] direction. knowledge, this is the first phytochemical study of a member of the Coutaportla genus. The structures of 1 and 2 have been determined by a X-ray diffraction analysis from a binary co-crystal. This result confirms our spectroscopic findings and also permits us to establish that the co-crystal is a mixed crystal (solid solution) with a disordered molecular arrangement. In the mixed crystal, the random occupation of molecules of the two different compounds covers all possible combinations of the intermolecular relationship, which is similar to that of a solution. Thus, we may deduce that, in solution, a pre-organized 1/2 adduct exists which is more soluble than the single compounds 1 and 2, favoring the co-crystallization over crystallization of the individuals.
The presence of 1 and 2 in C. ghiesbregthiana and (16S)-ent-16,17-dihydroxy-19-nor-kaur-4-en-3-one in Exostema acuminatum [6] support the proposal that Coutaportla and Exostema are very close genera [15] .
Experimental Section

General
The melting points (uncorrected) were determined on a Fisher-Johns apparatus. The Infrared spectrum was measured on a Bruker Tensor 37 spectrometer. The solid-state spectrum was recorded in Nujol suspension on NaCl plates. 1 H NMR, 13 C NMR and 1 H-1 H COSY (including DEPT) spectra were measured on a Varian Gemini XR-300 instrument operating at 300 and 75 MHz respectively. The mixture was analyzed in CDCl 3 with tetramethylsilane (TMS), as internal standard. Symmetry transformations used to generate equivalent atoms: I x+1, y + 1, z; II x + 1, y + 1, z − 1.
13 C NMR multiplicity was determined using DEPT experiments. The EIMS and HRMS were recorded on a JEOL JMS-SX102A Instrument.
Plant material
C. ghiesbregthiana was collected in Tehuacán, Puebla, Mexico and identified by Dr. N. Diego (Facultad de Ciencias, UNAM). A voucher specimen (FCME 76921) is on deposit at the herbarium of the Facultad de Ciencias, UNAM, Mexico.
The plant material was dried and separated into leaves (946 g), stem bark (702 g) and roots (609 g). Each part was extracted successively with hexane, EtOAc and methanol at room temperature. The extracts were evaporated under reduced pressure to dryness.
All the extracts were chromatographed using an open column packed with Si-gel (G-Altech, 0 -0.5 mm, ASTM) in a 1 : 30 proportion to the extract and eluted with solvent mixtures of increasing polarity starting with hexane and ending with methanol.
Leaves. When the EtOAc extract (54.5 g) was treated with methanol, a solid precipitated which was filtered and exhaustively washed with methanol affording impure ursolic acid (3). Purification of 3 (17 g, m. p. 279 -281 • C) [8] was achieved by recrystallization from hexane-EtOAc. The residual extract was chromatographed, a total of 128 fractions of 100 ml each were collected. Fractions with identical TLC were combined. Ursolic acid (3, 0.346 g) was isolated from the combined fractions 40 -78 (hexane-EtOAc, 1 : 1).
When the methanol extract (79 g) was tried to re-dissolve with methanol, a solid precipitated and was filtered and exhaustively washed with methanol affording ursolic acid (3, 5.6 g). The resulting solution was slowly evaporated to dryness at room temperature. When it was treated with methanol, impure skimmin (5) precipitated. It was isolated by filtration and washed with methanol affording 5 pure (0.72 g, m. p. 207 -209 • C) [9] . Its mother liquors were chromatographed collecting a total of 80 fractions of 100 ml each. Fractions with identical TLC were combined. From the fractions 54 -63 eluted with hexane-EtOAc (2 : 8) skimmin (5, 2 g) was isolated while sucrose (6) [10] was isolated from the fraction 64, eluted EtOAc-methanol (1 : 1).
Stem bark. The chromatography of the hexane extract of the stem barks (4.23 g) provide a total of 20 fractions. Betulinic acid (4, 0.015 g) [11] was isolated from the fractions eluted with hexane-EtOAc (8 : 2). From the methanol extract (68 g), ursolic acid was isolated (0.094 g) using similar chromatographic procedures.
Roots. The chromatography of the roots EtOAc extract (6 g) affording a total de 80 fractions. The 1/2 mixture (0.038 g, m. p. 150 -155 • C) was isolated, as amorphous precipitate, from combined fractions eluted with mixtures of hexane/EtOAc (8 : 2). Adequate crystals with appearance as plates suitable for X-ray analysis were obtained by crystallization. The structure of these plates showed the presence of both compounds, i.e. the alcohol (1) and the acid compound (2). The methanol extract (44.52 g) was chromatographed yielding a total of 50 fractions. From the reunited fractions 7 -25 eluted with EtOAc Skimmin (2, 7.9 g) was isolated [9] .
The structures of the known compounds were established by comparing spectral and physical data obtained with those reported in the literature [8] [9] [10] [11] [12] . Table 1 .
X-ray diffraction analysis
A colorless lamina-like crystal of the co-crystal of 1 and 2, of approximate dimensions 0.28 mm × 0.12 mm × 0.07 mm, was used for X-ray crystallographic analysis. The X-ray intensity data were measured at 298 K on a Bruker SMART APEX CCD-based X-ray diffractometer system equipped with a Mo-target X-ray tube (λ = 0.71073Å). The detector was placed at a distance of 4.837 cm from the crystal.
A total of 3000 frames were collected with a scan width of 0.3 • in ω and an exposure time of 30 sec/frame. The frames were integrated with the Bruker SAINT software package [15] using a narrow-frame integration algorithm. The integration of the data using a triclinic unit cell yielded a total of 9529 reflections to a maximum 2θ angle of 50.00 • (0.84Å resolution), of which 5297 were independent (redundancy 3.38, R int = 3.74%, R sig = 9.04%) and 3148 were greater than 4σ (F). The final cell constants are based upon the refinement of the XYZ-centroids of 3060 reflections above 20σ (I). Analysis of the data showed negligible decay during data collection, the intensities were corrected for Lorentz and polarization factors and an empirical absorption correction was applied via (T min = 0.9843, T max = 0.9947).
The structure was solved and refined on F 2 values by full-matrix least squares with anisotropic thermal parameters for non-hydrogen atoms, using the Bruker SHELXTL (Version 6.10) Software Package [16] , in the space group P1, were permitted to refine freely at initial stages, in the final cycles of refinement they were paired to sum unity. Positions of hydrogen atoms attached to O-atoms were found from the difference Fourier map and their coordinated refined. The rest of H atoms in this structure were introduced at calculated positions as riding atoms, with C-H = 0.98 (CH), 0.97 (CH 2 ) or 0.98Å (CH 3 ) and U iso (H) = 1.2 U eq (C). The crystal data and details concerning data collection, structure refinement, atomic coordinates and equivalent isotropic displacement parameters are given in Tables 2 and 3 .
Crystallographic data for the structure(s) have been deposited with the Cambridge Crystallographic Data Center, CCDC-232743. Copies of the data can be obtained free of charge on application to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: int.code+(1223)336-033; e-mail for inquiry: fileserv@ccdc.cam.ac.uk).
